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ABSTRACT 
 
The charismatic Monarch butterfly (Danaus plexippus) is the most iconic migratory butterfly in North 
America. It is also a susceptible keystone species because of the monotonous host plant on which its larvae 
depend—namely, milkweed. In fact, the loss of breeding habitat in the US, due to the use of herbicides and 
urban sprawl, together with the loss of overwintering habitat in Mexico, has caused the Eastern Monarch 
population to decrease dramatically during the past two decades.  
Butterfly/Urbanism proposes to enhance Monarch butterfly habitats through a new approach to 
agricultural economy, as well as through strategic urban design. In order to integrate Monarch butterfly habitat 
with a new type of urbanism, three aspects are involved: ecological design, unconventional agriculture, and 
socio-economic design. Monarch butterfly migration is a dynamic flow that can elicit economic opportunities 
in the territories where they stopover. By strategically planting milkweeds and nectar plants, this project both 
controls the Monarch butterfly migration route by manipulating proximity to habitats and catalyzes a food chain. 
Resulting opportunities for milkweed and insect-based economies piggyback on the existing economic system 
and topology formed by facilities and infrastructures.  
One general objective of this project is to evolve the ecological planning method outlined a half-century 
ago by Ian McHarg. His methodology precisely identifies the most appropriate places for different use with the 
fewest environmental impacts. However, McHarg’s way of seeing economic development as inevitably 
antagonist to the environment precludes possible alternatives which utilize economic activities as a support to 
natural ecosystems. 
This project presents a way to transform the impacts of human economy from ecological hindrance to 
ecological support. By synthesizing ecological function, economic incentive, and design culture, the symbiotic 
relationship between Monarch migration and economic activities shifts from parasitism to mutualism, 
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 “We are the bullies of the earth: strong, foul, coarse, greedy, careless, indifferent to others, laying waste as we proceed, leaving 
wounds, welts, lesions, suppurations on the earth body, increasingly engulfed by our own ordure and, finally, abysmally ignorant of 
the way the world works, crowing our superiority over all life.” 
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We are now living in a new geologic time which has been identified by biologist Eugene Stoermer as the Anthropocene. 
The long history of human societies transform the ecosystem started before the rise of agriculture. In the recent decades, this complex 
succession of land-use system regime leaded to the increasing of socio-ecological infrastructure upscaling of land productivity, 
furthermore, the emergence of industrial societies and urban speeded up this process.1 According to Erle Ellis, these “…ever greater 
scales of social and material exchange and ever-more intensive alteration of ecosystems,” often at the expense of other species.2  
Although all species have the ability to adapt to changing environments, the speed of adaptation of many species is not fast enough, 
leading to population decline. If resilience is not agile enough to recover from natural or man-made disasters, a species will eventually 
become extinct. It is the responsibility of human beings to reduce negative environmental impacts of our activities, to compensate 
for the damage we cause, and to support the resilience of other species. This is not only because humans have the ability to undertake 
such tasks, but also because we have the ethical responsibility to remedy the problems we cause.  
This project asserts that landscape architects are capable of developing strategies to mitigate friction between human 
activities and nature, and even more, to transform human activities to support the resilience of natural ecosystems. This idea echo 
with Charles Waldheim’s discussion on “landscape’s newfound ascendancy for the status of urban planning” in his recent book 
Landscape as Urbanism, that contemporary discourse and theories of landscape urbanism consider landscape as a medium both for 
reading and designing the urban. The trend of ecological thinking and planning as the basis for design can be traced back to late 
1960s and early 1970s. Ian McHarg’s book Design with Nature illustrates his methodology which precisely identifies the most 
appropriate places for different use with the fewest environmental impacts.3 His teaching “resisted the economic paradigm in lieu of 
a higher order that could be achieved for our built-natural environment.”4 However, McHarg’s way of seeing economic development 
as inevitably antagonist to the environment precludes possible alternatives which utilize economic activities as a support to natural 
ecosystems. 
To practice design in the Anthropocene, building a mutualistic relationship between human and nature is important in order 
to ensure the longevity of our planet. As one possible example, this thesis, Butterfly/Urbanism treats Monarch butterfly migration as 
a dynamic flow that can elicit economic opportunities in the territories where they stopover. By strategically planting milkweed and 
nectar plants, this project condenses the Monarch butterfly migration while catalyzing a food chain. Resulting opportunities for 
milkweed and insect-based economies piggyback on the existing economic systems. By synthesizing ecological function, economic 
incentives, and design culture, the symbiotic relationship between Monarch migration and economic activities shifts from parasitism 




                                                             
1 Erle C. Ellis, “Ecologies of the Anthropocene.” New Geographies 6: Grounding Metabolism. Harvard University Graduate School of Design: Cambridge, MA 2014, 20-27. 
2 Ibid, 21. 
3 Ian L. McHarg, Design with Nature. J. Wiley: New York, NY, 1992 
4 Ian L. McHarg, Lynn Margulis, James Corner, Brian Hawthorne, Ian McHarg: Conversations with Students: Dwelling in Nature. Princeton Architectural Press: New York, 2007, 7. 
5 This self-supporting system for Monarch butterfly conservation origin from the concept of dynamic ecological succession from the article “Parallel Genealogies” by Chris Reed and Nina-
Marie Lister in Projective Ecologies. Cambridge, MA: Harvard University Graduate School of Design, 2014. According to Reed and Lister, a successful ecosystem has the ability to respond 
to the changing of the environment. Based on that, Butterfly/Urbanism proposes a new interconnected system which economic and conservation grow or decline together. Thus, the benefit 
gain from the economic activities can support conservation actions, and the result from the conservation leveraged economic profit.  
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Figure1.1 Butterfly/Urbanism Metabolism 
Drawn by author 
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“Two Butterflies went out at Noon- 
And waltzed above a farm- 
Then stepped straight through the Firmament 
And rested on a Beam- 
 
And then-together bore away 
Upon a shining Sea- 
Though never yet, in any Port- 
Their coming mentioned-be- 
 
If spoken by the distant bird- 
If met in Ether Sea 
By Frigate, or by Merchantman- 
No notice-was-to me-“ 
 
—Emily Dickinson, 1862 
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2|1 Monarch Butterfly Life History 
 As an insect, the Monarch butterfly undergoes a complex process of 
complete metamorphosis and migration, which includes four stages: egg, larva, 
pupa, and adult. [Figure 2.1] Every Monarch butterfly starts its life journey as an 
oblate spheroid, milky white egg on the underside of a milkweed leaf (Asclepias 
spp.). It takes 9 to 14 days for a larva to grow through 5 instars. Within these 
days, the larva’s diet is fully dependent on its host plant. Although the larva could 
be supported by other plants, consuming non-milkweed diet will result in an 
unhealthy adult that lives shorter and produces eggs of lower quality. Each female 
Monarch can produce 400 to 700 eggs in its lifespan laying one egg at a time.1 
A gravid female will search for milkweed on which to lay her eggs. The lifespan 
of an adult is from 20 to 32 days, except the generation from late summer or early 
fall, which is known as the “Methuselah generation” 2  due to its longevity. 
                                                             
1 Karen Suzanne Oberhauser and Michelle J. Solensky. The Monarch Butterfly: Biology & Conservation. Ithaca, NY: Comstock Pub., 2004. 3-7. 
2 Adriana Herrera. "Masters of Migration." Americas 61, no. 4, 2009: 56-63. Academic Search Complete, EBSCOhost (accessed June 13, 2017). 
Figure 2.1Monarch Butterfly Life Cycle 
Drawn by author 
Figure 2.2  Monarch Butterfly Ecological Niche 
Drawn by author 
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Because they are in the stage of reproduction diapause, 
Monarchs in the Methuselah generation can live up to nine 
months, completing the fall migration, overwintering, and 
reproducing the following spring.  
The development rate of each stage is temperature 
dependent; the higher the temperature, the faster they grow. In 
addition, for different status in each stage, Monarchs have 
different temperature limits. [Figure 2.2] 
 
2|2 Monarch Butterfly Migration Pattern 
Beyond being beautiful creatures, Monarch butterflies 
also play an important role as pollinators for various kinds of 
wildflowers during their broad range of migration; their vital but 
unnoticed services help maintain the diversity of this ecosystem 
in which we live.  
The charismatic Monarch butterfly is the most iconic 
migratory butterfly in North America. The distribution range of the 
Monarch butterfly covers the entire region south of the boreal 
forest zone in North America, all of Central America, and much of 
northern South America. The species was introduced to the 
Hawaiian Islands as well as to Australia, and spread to other 
islands in the Pacific Ocean. [Figure 2.3] Three populations are 
identified in North America. One non-migratory population is in 
Florida, and the other two, divided by the Rocky Mountains, are 
the Western Monarch and the Eastern Monarch populations. This 
project focuses on the Eastern Monarch population to address as 
much possibility as it could contribute.  
 The migration of the Eastern Monarch population 
spreads across a magnificent route from Mexico to the United 
States and Canada every year. The whole distance of the migration 
is approximately 2,500 to 3,000 miles, and it takes four to five 
generations of the species to complete the round-trip migration. 
[Figure 2.4] Every year from March to August, the females 
migrate and reproduce at the same time during their spring 
migration from Mexico to Canada. Apart from locating nectar 
Figure 2.3 Monarch Butterfly Worldwide Distribution 
Drawn by author 
Figure 2. 4 Monarch Butterfly Migration Pattern 
Drawn by author 
Figure 2.5 Reproduction and Migration Annual Cycle 
Drawn by author 
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plants, females follow the milkweed, the only host plant for their larvae, and males follow females. The butterflies stay in the mountains 
at Michoacán, Mexico, for hibernation until March, then their reproductive diapause ends and the spring migration starts. [Figure 2.5] 
During the Monarch migration, different flight types are performed in response to different contexts. In general, there are 
five flight types: gliding, cruising, speed, social, and prenuptial. [Figure 2.6]  
 
 
Figure 2.6 Monarch Butterfly Flight Type 
Drawn by author 
 
2|3 Monarch Butterfly Habitat Requirements 
In general, Monarch butterflies utilize two different habitats during different seasons. During their overwintering time, they 
roost on firs, pines, oaks, or cedars for hibernation in the mountains at Michoacán, Mexico. During spring and fall migration, Monarchs 
appear in a variety of habitats containing milkweed, including rangelands, farms, riparian areas, deserts, prairies, meadows, open 






                                                             
3 S. D, Jepsen et. al., “Conservation Status and Ecology of Monarchs in the United States.” 36 pp. NatureServe, Arlington, VA, and the Xerces Society for Invertebrate Conservation, Portland, 
OR. 2015. 1 
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2|4 Monarch Butterfly Population Decline 
Although Monarchs are usually considered highly 
reproductive, due to decreasing suitable environments, they are 
declining in population. According to the U.S. Fish and Wildlife 
Service, the Monarch butterfly population has declined by 970 
million since 1990, which is approximately 90 percent of the 
population of the species in 1996.4 The dramatic decrease of their 
population is suggested by Figure 2.7.  
There are three causes behind the population decline. 
First is breeding habitat loss in the United States, which is 
considered the major problem. Agricultural development and 
urbanization are destroying Monarch butterfly habitats and 
thereby making it more difficult for Monarchs to find available breeding habitats and nectar plants, especially in the so-called corn 
belt region, which overlaps significantly with the Monarch butterfly’s summer breeding zone. [Figure 2.8] In addition, the use of 
herbicides eliminates chances for milkweed to grow along the agriculture fields. 
 Urbanization and road construction fragments habitats and increases the difficulty for Monarchs to find nectar plants when 
they are migrating. [Figure 2.9] Even if some of these elements are found in street planting or green space in urban areas, they are 
either too close to human activities for the butterflies to lay eggs or they are too fragmented to support them with food sources during 
the migration.  
Second is the overwintering habitat loss in Mexico, 
due to legal and illegal logging. Monarch butterflies travel to 
the same mountain in Mexico each year and spend the winter 
clustering on firs, pines, oaks, or cedars. The trees serve as 
both a blanket and an umbrella during the winter, protecting 
monarchs from extreme cold temperatures and precipitation. 
However, these overwintering sites are being threatened by 
forest degradation due to legal and illegal logging, land 
conversion for farming, and climate change that may 
negatively affect the amount of vegetation. The degradation of 
these sites has very harmful effects on overwintering monarch 
populations.  
                                                             
4 U.S. Fish and Wildlife Service: Mountain-Prairie Region. "U.S. Fish and Wildlife Service Teams with Conservation Partners to Launch Campaign to Save Beleaguered Monarch Butterfly, U.S. 
Fish and Wildlife Service News & Release. Last modifde February 9, 2015, Accessed Aprial 13, 2016,  
https://www.fws.gov/mountain-prairie/pressrel/2015/02102015_ServiceTeamsWithPartnersLaunchMonarchButterflyCampaign.php. 
Figure 2. 7 Total Area Occupied by Monarch Colonies at Overwintering Sites in Mexico, 1994-
2016  
Drawn by author 
Figure 2.8 Acres of Grassland / Wetlands / Shrub Land Converted to All Crops Land by County, 
2008-2011 
Base map adopted from Environmental Working Group 
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The third cause is climate change. Temperature is an 
important environmental cue that tells Monarchs when to 
migrate and reproduce. With unexpected variations of 
temperature due to climate change, migration patterns are 
disturbed, causing higher mortality during each stage of 
development and migration. In addition, climate change causes 
extreme weather events that kill considerable amounts of 
Monarch butterflies at one time. 
Since breeding habitat loss is the major cause of the 
Monarch butterfly population decline, this project focuses on 



















Figure 2.9 Urbanized Areas (at least 50,000 people) and Clusters (between 2,500 and 49,999 
people.) 
Drawn by author 
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“Every single thing you do matters. 
You have been created as one of a kind. 
You have been created in order to make a difference.  
You have within you the power to change the world.” 
 
—Andy Andrews, “The Butterfly Effect: How Your Life Matters,” 2011 
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3|1 Predatory Relationship as Economic Resource 
 Contemporary ecosystems combine degraded 
initial ecosystems with intentional structural changes. In 
terms of habitat conservation, three general approaches are 
identified. First is habitat restoration, which is the 
reestablishment of predisturbance ecosystem functions and 
related physical, chemical, and biological characteristics. 
Second, habitat rehabilitation is the improvement of the 
present ecosystem instead of restoring it to its initial 
condition. Third is habitat enhancement, which is deflecting 
the ecosystem to a new circumstance [Figure 3.1.]  
Butterfly/Urbanism’s approach to Monarch 
butterfly conservation begins with the goal of habitat enhancement. However, beyond the symbolic and ecological meaning of 
Monarch butterfly conservation, economic value can be leveraged to support habitat enhancement. Along with a new agricultural 
approach, this project converts the action of habitat enhancement from a symbolic endpoint to an economic start point by incubating 
related ecological systems to create economic opportunities and incentives.  
Considering that the major cause of Monarch butterfly population decline is the loss of breeding habitat, planting more 
milkweed in the United States is crucial. Two specific questions are discussed in this project for the goal of Monarch butterfly 
conservation in terms of habitat enhancement. First, how do we convince people to plant milkweed? Second, how will we deal with 
the increasing numbers of unwelcome predatory insects that come with increased Monarch population? To address these concerns, 
Butterfly/Urbanism treats predatory relationships in different stages of the Monarch life cycle as resources for economic opportunities 
and incentives for milkweed economy and insect-based economy. [Figure 3.2.] 
Figure 3.1 Three Methods of the Habitat Conservation 
Drawn by author 






Figure 3. 2 Monarch Butterfly Food Chain  
Drawn by author 
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3|2 Milkweed Economy 
 Milkweed, the only host plant for Monarch larvae, is the primary producer for the Monarch butterfly food chain. Each larva 
can consume milkweed leaves more than 200 times its birthweight (0.46mg).1 According to a butterfly farm owner in Florida, one 
full multi-branched tropical milkweed in a 6-inch pot could support the diet of 2 Monarch butterfly larvae when growing from egg to 
pupa.2 Assuming that a 6-inch by 6-inch parcel of land could support a full multi-branched tropical milkweed, that means ¼-sq.ft. 
of land could support 2 larvae. So, 1 sq. ft. of land with milkweed can support 8 larvae. Taking a typical 10% survival rate into 
consideration, 1 sq. ft. of land could “produce” 0.8 Monarch butterfly adults. In the “National Strategy to Promote the Health of Honey 
Bees and Other Pollinators,”3 the goal of the federal government is to increase the Monarch butterfly population to 225 million by 
2020. Since the population figure is defined by the number of Monarch butterflies hibernating in Mexico, the generation initiating the 
spring migration needs to reach 225 million, and that requires 6,456.62 acres of milkweed. Yet, to finish the round trip migration, 4 
to 5 generation are needed. So, to support the species reaching the goal of having 225 million butterflies hibernating in Mexico, 
32,283 acres of milkweed are needed for Eastern Monarch habitats. This amount of milkweed needs not only to be planted, but also 
to be planted at the right time and in the right locations, which correspond to Monarch butterfly migration patterns- a topic addressed 
herein subsequent chapters.    
 In terms of the agents and the motivations for planting milkweed, this project reviews commercial planting and production 
of milkweed-based products. In current markets, milkweed-based products are already a trend with nearly mature technology and 
many product types, including fiber, oil, and biomass. [Figure 3.3] For example, the Ogallala Comfort Company, based in Ogallala, 
Nebraska, is the world’s largest supplier of wild-crafted, sustainably harvested milkweed products and raw materials with the goal of 
helping Monarch butterfly habitat conservation. Since late 1970s, the company has worked with the University of Nebraska, the 
Southern Regional Research Center of the USDA's Agricultural Research Service, and various private corporations on the technology 
of milkweed based product production.4 Ogallala is best known for its Hypodown® products. Hypodown® is a filler blend of the 
white goose down and Syriaca (milkweed fibers).5 With the same goal on helping Monarch butterfly survival, MonarkTM,6 another 
Canadian fiber company based in Quebec, Canada,  partnered with high end cloth manufacturer Quartz Co. and retailer Altitude Sports 
to make and market the world’s first winter coats insulated by milkweed floss (which the company calls “fluffy”).7 The parkas are sold 
online at a price of CA$ 799-829 (US$ 604.93-627.64).8 Both Ogallala and Monark are still working on how to expand and 
commercialize  milkweed agriculture and the manufacturing of fibers to increase demand.  
                                                             
1 "Monarch Caterpillars Have Supersized Appetites, Eat 200X their Weight in Milkweed Leaves." Texas Butterfly Ranch. March 25, 2011. Accessed April 3, 2017. 
 http://texasbutterflyranch.com/2011/03/25/monarch-caterpillars-have-supersized-appetites-eat-200x-their-weight-in-milkweed-leaves/. 
2 Edith Smith. "How Many Leaves to Feed A Caterpillar." Butterfly Fun Facts. Accessed April 7, 2017. http://www.butterflyfunfacts.com/how-many-leaves.php. 
3 The White House, USDA, and EPA. “National Strategy To Promote The Health Of Honey Bees And Other Pollinators”. May 19, 2015. 
 https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/Pollinator%20Health%20Strategy%202015.pdf. 
4 “New crops, new uses, new markets: industrial and commercial products from US agriculture.” USDA Year Book of Agriculture. Washington, DC.: Office of Publishing and Visual 
Communication, U.S. Dept. of Agriculture, 1992. 118-123 
5 "About Us." Ogallala. Accessed February 5, 2017. https://www.ogallalacomfort.com/pages/about-us. 
6 MonarkTM is composed with two branches: Monark Coop. an association of farmers producing milkweed, and Monark Fibres, which develops a process to mechanically collect the fluff and 
transform it into textiles. 
7  Marc Montgomery. "Possible world first: Canadian winter coat uses renewable plant insulation." Radio Canada International, October 13, 2016. Accessed December 4, 2106. 
http://www.rcinet.ca/en/2016/10/13/world-first-canadian-winter-coat-uses-renewable-plant-insulation/. 
8 "QUARTZ CO. X ALTITUDE SPORTS X MONARK™." Quartz Co. Accessed December 2, 2016. https://quartz-co.ca/collections/milkweed. 
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Figure 3.3 Milkweed Based Product Production 





Figure 3.4  World’s first winter coats insulated by milkweed floss sell on Quartz CO. Online shop. 
 Image Source: "Milkweed." Quartz Co. Accessed Jun 07, 2017. https://quartz-co.ca/collections/milkweed. 
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Although such companies aim to support Monarch butterflies through their commercialization of milkweed, none of them 
considers actual implementation from the aspect of Monarch conservation. To be more precise, neither of the companies initiates 
planting of milkweed with the pattern of Monarch butterfly migration in mind.   
To consolidate the metabolism of Butterfly/Urbanism, as well as to integrate an insect-based economy with milkweed 
agriculture, a new approach to the latter is established by phases with different foci, following the development of milkweed. In the 
first year of growth, milkweeds use most energy establishing their root system. Meanwhile, the shoot systems grow slowly and could 
be easily eaten up by 2 single Monarch larvae. Thus, extra protection from Monarch butterflies is needed for first-year milkweeds in 
order to ensure their long-term development. In the second year, such protection can be removed and the fields can start to serve 
both as breeding habitat for Monarch butterflies and harvest ground for predatory insects in insect-based economy. In the third year 
of milkweed growth, the field will keep serving as breeding ground and predatory insect harvesting ground while milkweed is mature 
enough to produce seed pods and be harvested in fall. In the next year, milkweed geminates from its rhizomes. [Figure 3.5] 
 
Figure 3. 5 New Approach to Milkweed Agriculture 
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3|3 Insect-based Economy 
The United Nations Department of Economics and Social Affairs projected that world population will reach 9.7 billion by 
2050 and 11.2 billion by 2100.9 As population grows, increasing demand for food and other resources raises critical issues for 
contemporary society.  In 2013, Food and Agriculture Organization (FAO) of the United Nations published a paper which examined 
the potential of insects as food and animal feed, to relieve environmental pressure brought by increased population.10 According to 
the report, insects provide food at lower environmental cost and could contribute as feed for livestock. Although commercial use of 
insect as food is still limited and problematic in the U.S. because of immature regulation and market, insect-based products still 
have huge future potential. [Figure 3.6] 
 
 
Figure 3.6 Insect as Food/ Ingredients, Extraction Method 
Drawn by author
                                                             
9 World population prospects: the 2015 revision. New York,NY: United Nations, 2015. 
10 Edible insects: Future prospects for food and feed security. Rome, Italy: Food and Agriculture Organization of the United Nations, 2013. 
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“the potential for landscape to inform planning comes from its newfound status within design culture and the deployment of ecology 
as model or metaphor rather than through the long-standing project of regional or ecological planning.” 
—Charles Waldheim, Landscape as Urbanism, 2016 
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4|1 Landscape Ecology: Ecology as Model, Landscape as Medium for Ecological Design 
Connectivity and Patch: Highway Easement and Agricultural Field  
According to Opdam and Steingröver, “The potential of the landscape to provide 
biodiversity largely depends on the spatial conditions of the region.”1 The migration network 
of the Monarch butterfly ranges from Mexico to Canada. In the United States, fragmentation 
and shrinkage of Monarch butterfly habitats have led to a dramatic decrease of their 
population. Although Monarch butterflies can fly 50 to 80 miles per day,2 the loss and 
fragmentation of their habitat still causes an issue for the species. The larvae lack secure 
environments in which to grow, and the adults have few to no nectar-producing plants to fuel 
their long-distance migration. Thus, a wide distribution of small patches or nodes within the 
region could reduce the mortality rate of the whole species by providing breeding and 
feeding habitats. According to Dramstad et al.’s theory of stepping stone connectivity, “A 
row of stepping stones (small patches) is intermediate in connectivity between a corridor 
and no corridor, and hence intermediate in providing for movement of interior species 
between patches.”3 [Figure 4.1] More than that, “Small patches or nodes along an existing 
network are effective in providing habitats in which individuals pause and/or breed, resulting 
in a higher survival rate for dispersing individuals and, hence, more dispersing individuals in the network.”4 [Figure 4.2] Thus, to 
support Monarch butterfly’s reproduction and migration with limited resources, Butterfly/Urbanism aims to target regions that are 
most impoverishing to the survival and reproduction of the Monarch butterfly. Mapping of federal forests, federal grassland and all 
levels of parks on a national scale illustrates that the Great Plains region is the most impoverished in terms of breeding and feeding 
ground for Monarch butterflies during their migration. [Figure 4.3] Therefore, establishing patches and corridors in the Great Plains 
is the first strategy needed towards the end of configuring a network.  
A corridor for Monarch butterflies could cover a huge range of territory crossing state lines and includeing wide-ranging 
types of land use and land ownership. Considering management and maintenance practices, this project proposes that highway 
easements be used as Monarch migration corridors. In terms of patches, since agricultural activitiy is the major cause of Monarch 
butterfly habitat loss, this project suggests transforming existing agriculture fields into commercially Monarch butterfly breeding and 
feeding ground, which will also serve as patches among the migration network.  
                                                             
1 P. Opdam and E. Steingröver. "Designing Metropolitan Landscapes for Biodiversity: Deriving Guidelines from Metapopulation Ecology." Landscape Journal 27, no. 1 (2008): 69-80 
2 Calculated by author from Jim Lovett, “Reading Room: Frequently Asked Questions.” Monarch Watch, Accessed April 6, 2017. http://www.monarchwatch.org/read/faq2.htm#3. 
3 Wenche E. Dramstad, James D. Olson, and Richard T. T. Forman. Landscape Ecology Principles in Landscape Architecture and Land-use Planning. Cambridge, MA: Harvard University 
Graduate School of Design, 1996, 37. 
4 Ibid, 43. 
C4. Steeping stone connectivityFigure 4.1 Stepping Stone Connectivity 
Dramstad et al., 1996, 37 
M6. Dispersal and small connected patchFigure 4.2 Dispersal and Small Patches 
Dramstad et al., 1996, 43 
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  Figure 4.3 Mapping of Existing Context  
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4|2 Economic Ecology: Ecology as Metaphor, Landscape as Topology for Socio-Economic Design 
Connectivity and Patch: Transportation Infrastructures and Manufacturing / Logistical Facilities 
 The new natural capital of milkweed and insect-based industries, which are expected to emerge from the catalyzed food 
chain, requires a series of economic activities—including harvesting, manufacturing, transporting, and selling—to generate profits. 
These economic activities will piggyback on the existing economic system to form a network of supply chains representing the 
connectivity between field and market. Thus, the interconnection between habitats, transportation infrastructures, 
manufacturing/logistical facilities, and stores makes them possible sites for this project.  
 
4|3 Agent: General Mills  
The Minnesota-based food company General Mills is selected as the primary agent of this project because of its interest 
in being a sustainable company and its high demand for row crops, such as wheat and oats. General Mills is one of the biggest food 
companies in the world. The company started with two mills in Minneapolis, Minnesota. Through a considerable number of mergers 
and acquisitions over the past 150 years, it currently produces and markets more than 100 consumer brands in more than 100 
countries on six continents. In the fiscal year 2014, the company’s net sales in the United States totaled $10.6 billion; among all the 
products they sell, more than 50% are wheat-based.5 General Mills’ seven largest brands—Cheerios, Betty Crocker, Pillsbury, Nature 
Valley, Yoplait, Old El Paso, and Häagen-Dazs—each generate more than $1 billion in annual retail sales. General Mills’ leading 
position in the United States’ food industry could make it a vigorous advocate of insect-based food products.  
The core philosophy of General Mills is “Serve the world by making food people love.” As a company of this large size and 
the ambition to grow even larger, General Mills never stops seeking sustainable ways to ensure substantial growth. Successfully 
predicting the trends of public taste, as well as of diversified business and management, are two critical keys that allow the company 
to navigate and survive rapidly changing markets. Aware of the increasing demand for resources and negative impacts on ecological 
resources and services, the company realized that sustainable strategies are imperative. Two strategies are introduced here to show 
General Mills’ latest logistics movement aimed of making their supply chain sustainable. These strategies also imply the possibilities 
for General Mills’ investment, promotion, and operation relative to insect-based food industry.  
First, to ensure supply chain resiliency, General Mills conducted origin-direct investment. The company participates in 
steps from seed production and distribution, to farm production, storage, and transportation to the manufacturing site. In that way, 
general Mills developed a supply chain that ensures an adequate supply of identity-preserved grain for manufacturing plants. The 
company also invests considerablly in universities, research centers, and public institutes to figure out the best species to grow. They 
acquire species that not only yield the most, as well as have a better taste, but also prove to have ecological benefits for the 
environment. For example, Kernza® is a perennial grain with deep roots that shows promise in providing benefits in soil health, carbon 
sequestration, water retention, and wildlife habitat. General Mills provided a $500,000 grant to the Forever Green Initiative at the 
University of Minnesota in partnership with The Land Institute, to support advanced research about Kernza®.6 
                                                             
5 Steven Peterson. “General Mills Sustainability” Midwest Farm Energy Conference. June 2015. 
6 "Cascadian Farm invests in Kernza® perennial grain with promising restorative benefits for farms." General Mills: One of the World's largest food Companies. May 7, 2017. Accessed June 
17, 2017. https://www.generalmills.com/en/News/NewsReleases/Library/2017/March/kernza-3-7. 
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Through its contracting program with growers, General Mills ensures the stable supply of its specific sources and makes 
sure it is the only company with access to selected species by controlling the distribution of seed and the number of harvests. In fact, 
contracts are offered only through a controlled number of elevators in specific regions, so it is easier for General Mills to manage 
efficiently the logistics of transport to manufacturing plants. The supply chain structure also facilitates information flows for General 
Mills, since it gives the company access to up-to-date information on acreage under contract prior to the growing season, crop 
conditions during the growing season, and the location and quality of supplies after harvest.7 Beyond ensuring the stable supply, the 
company also keeps an eye on environmental indicators, such as soil carbon, water use, and energy consumption during the growing 
process. The goal for General Mills is to sustainably source the raw materials it uses in its products with a commitment on sustainably 
sourcing 100 percent of its 10 priority ingredients by 2020. 
Second, to decrease the carbon footprint and transportation costs, the company cooperates with its retailers on product 
conveyance. General Mills’ facilities (i.e., mills and elevators, manufacturing plants, distribution centers), which intertwine with DHL 
Express and the Walmart network, form a perfect topology for the future development of this project. [Figure 4.4] The company works 
with its biggest retailer–Walmart– to optimize its product conveyance by deliberately arranging the distribution routes of Walmart 
trucks carrying goods from Walmart’s distribution centers.  Trucks leave Walmart’s distribution centers with full loads of freight, drop 
                                                             
7 Luciano Venturini, and Robert P. King. “Vertical Coordination and The Design Process For Supply Chains To Ensure Food Quality”, Economic studies on food, agriculture, and the environment, 
Edited by Maurizio Canavari, Paolo Caggiati, K. William Easter. Boston, MA: Springer US, 2000 
Figure 4.4 The distribution of General Mills, Walmart Facilities and Monarch Butterfly Migration Pattern Overlaps 
Drawn by author 
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that off at each Walmart store, and are empty by the end of the day. Since Walmart does not want its trucks to come back to the 
distribution center empty, and General Mills wants to reduce its cost on transporting goods from General Mills’ distribution center to 
retailers’ distribution centers, they rearrange the route to allow the empty Walmart trucks to pick up finished products directly from 
the adjacent General Mills’ manufacturing plants. This well-established economic system is especially concentrated along interstate 
highway I-35, forming a suitable topology for this project.    
 
4|4 Implementation: I-35 and adjacent area 
Based on the mapping of federal forests, federal grasslands, and all levels of parks, as well as echoing the “National 
Strategy to Promote the Health of Honey Bees and Other Pollinators,” released by the White House in 2015, the interstate highway I-
35 is chosen as an exemplary site of implementation for this project. Serving as the spine of this new interconnected system, I-35 
plays a double role as a Monarch butterfly migration corridor and a transportation thoroughfare for economic activities that could 
happen in adjacent areas.  
 Regarding the different needs during Monarch 
butterflies’ fall and spring migrations, two scenarios are 
considered in this project: a fall migration corridor and a spring 
migration network. In both scenarios, strategic planting design is a 
crucial feature when condensing Monarch butterfly migration, 
preventing road kill, and supporting Monarch butterfly 
reproduction. 20 types of highway segments along I-35 are 
identified. Depending on the size and shape of the available space, 
the types are divided between breeding ground and feeding 
ground. The detail design of each type will be based on several 
factors including temperature, season, soil, sun/shade, and area. 
[Table 4.1]     
 
Fall Migration 
For fall migration, only one generation is involved. Because this generation is in its reproduction diapause, milkweed is not 
essential in this time. The major need for them is a continued supply of nectar along their journey. The amount of accessible nectar 
should not only suffice for their daily diet, but also provide extra nutrition to help Monarchs build enough body mass to survive 
through winter. In this scenario, utilizing the highway right-of-way, I -35 will serve as a “butterfly highway” with sufficient food source 
to allow Monarchs to move to their overwintering habitat smoothly. [Figure 4.5] Based on the peak abundance time of the Monarch 
butterfly8 in each state, nectar plants bloom between August and early November will be planted along I-35. [Table 4.2]  
                                                             
8."Monarch Butterfly Migration Map Spring 2017." Journey North. Accessed May 21, 2017. https://www.learner.org/jnorth/maps/monarch.html. 
















Table 4. 1 Design Consideration 
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Figure 4.5 Fall Migration Corridor 
Drawn by author 
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Spring Migration 
 As spring migration starts in March, female Monarchs look for habitats that contain milkweed on their way to north. This is 
the time that condensing Monarch butterfly migration and catalyzing a food chain can happen. [Figure 4.6] Agricultural fields adjacent 
to I-35 and close to General Mills’ facilities are planned to serve as breeding grounds. [Figure 4.7] These will be planted with 
milkweed and, as mentioned before, serve as harvesting grounds for insect-based economy in spring and summer and for milkweed 
industry in fall. [Figure 4. 8] Open space in urban /recreational areas serves as breeding grounds and provides opportunities for 
recreation and public engagement. [Figure 4.9]  
 





State Area Latitude Peak in Monarch Abundance (Fall) Peak in Monarch Abundance (Spring) 
Minnesota 43° 30ʹ N to 49° 23ʹ N Mid-August to Mid-September Mid May to End of June 
Iowa 40° 23ʹ N to 43° 30ʹ N September Late April to Early May 
Missouri 36° 0ʹ N to 40° 37ʹ N Late September to Early October Late March to Mid- April 
Kansas 37° N to 40° N Late September to Early October Late March to Early April 
Oklahoma 33°37' N to 37° N Late September to Mid- October Late March to Early April 
Texas 25° 50ʹ N to 36° 30ʹ N Late September to Early November Mid-March to Late March 
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 Figure 4.6 Spring Migration Network 
Drawn by author 
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Figure 4.7 Potential Patch (Site) Location  
Drawn by author 
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Figure 4.8 Implementation in Agricultural Field  
Drawn by author 
Figure 4.9 Implementation in Urban/ Recreational Area 
 Drawn by author 
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"When we try to pick out anything by itself, we find it hitched to everything else in the Universe." 
—John Muir, “My first summer in the Sierra,” 1911 
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5|1 Human-Nature Symbiotic Relationship  
Butterfly/Urbanism is based on the belief that the entire planet is one ecosystem and human beings are only a part of it. All 
species rely on each other to survive, either directly or indirectly. In the very beginning of the hunting and gathering age, humans and 
Monarch butterflies were equally parasitized to the ecosystem and indirectly relied on each other to survive. During the agricultural 
and settlement age, human beings started to domesticate several species, which allowed human population to grow faster than others. 
As technology progressed, human beings became both dominator as and destroyer of this ecosystem. We domesticated more species, 
occupied more natural resources, and generated more pollution that contributed to most of the extinctions of other species. According 
to S. L. Pimm et. al., species extinction happened 1,000 times faster after the appearance of human beings.1  
As a discipline reconceived and resurgent within design culture during recent decades, landscape architecture is the 
medium between ecology and design. Ian McHarg’s ecological planning method provided a broad concept to diminish the tension 
between humans and nature. Since then, ecological design became a basis of design instead being an option, which can be seen in 
numerous design projects or practices in the field of landscape architecture. “Flightpath,” a studio project by Marina Nicoller under 
the guidance of Charles Waldheim, illustrated a set of landscape urbanism strategies which utilize the automobile manufacturing 
facility in Monterrery, Mexico, as habitat for Monarch butterflies.2 In that project, a neutral relationship between an automobile 
manufacturing facility and Monarch butterflies was established through the design of landscape architecture. However, to ensure the 
longevity of ecosystems, Kate Orff, the founder of SCAPE, promotes mutualism by design with two principles: first, do not harm; 
second, design for mutual benefit.3 SCAPE’s Oyster-tecture manifests a strategy to establish a new relationship between residents of 
metro New York city and their harbors. The project aims to transform New York Harbor into a “cohabitat” that catalyzes multispecies 
(i.e. human, oyster, and other species) habitation. Oyster-tecture demonstrates an approach to how landscape architecture design 
can alter a space which was dominated by humans to a space for all species.  
This thesis, Butterfly/Urbanism, takes “mutualism by design” further by transforming the ecological impacts of human 
economy from ecological hindrance to ecological support. The self-supporting system—created by strategic milkweed planting and 
condensing Monarch butterfly migration while catalyzing a food chain—results in opportunities for milkweed and insect-based 
economies piggyback on the existing economic systems. This approach which synthesizes from ecological function, economic 
incentive, and design culture, leads to the establishment of a symbiotic relationship between Monarch migration and economic 
activities. In other words, it transforms the relationship between economic activities and Monarch butterfly survival from parasitism 






                                                             
1 S. L. Pimm et. al.. “The biodiversity of species and their rates of extinction, distribution, and protection,” Science 6187, no. 344 (May 30, 2014) 
2 Charles Waldheim. Post-Fordist public works II: landscape urbanism strategies for Monterrery’s Metalsa site. Houston, TX: Rice University, 2014. 
3 Kate Orff. Toward an urban ecology. New York, NY: The Monacelli Press, 2016. 81-85 
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Figure 5.1Human-Nature Symbiotic Relationship 
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